Introduction {#sec1-1}
============

Central venous catheters (CVCs) are inserted in many critically ill patients and like most invasive procedures can cause life-threatening complications. Misplacement of the catheter tip can cause lethal complications such as malignant arrhythmias and erosion of catheters through the right atrium or right ventricle, leading to hemothorax, hydrothorax, or cardiac tamponade. It is recommended that the tip of the catheter be located in the superior vena cava, outside the pericardium, to avoid cardiac tamponade.

There are no gold standards in estimating the exact CVC insertion depth. Surface landmarks,\[[@ref1]\] formulas,\[[@ref2][@ref3]\] electrocardiography,\[[@ref4][@ref5]\] and transesophageal echocardiography\[[@ref5][@ref6]\] have been proposed for positioning the catheter to an adequate depth in adults. The pericardium cannot be seen on a chest X-ray that is routinely done to check the position of the catheters. It has been seen in cadavers\[[@ref7][@ref8]\] and computerized tomography studies\[[@ref9]\] in adults that carina is above the level of pericardium. Carina is easily identifiable on a chest X-ray and has been used as reference point for optimal position for CVCs.\[[@ref10][@ref11]\]

The angle of Louis, the prominence formed by the manubriosternal joint is at the same horizontal plane as the carina. The clavicular notch is an oval articular surface on either side of the manubrium sternum for articulation with the sternal end the clavicle, and can be easily identified by palpation. The internal jugular vein (IJV) lies beneath the ipsilateral clavicular notch.\[[@ref12]\]

The right IJV is the most widely used route for insertion of CVC in our institution. In the present study, we compared the measurement of surface landmarks along the course of right IJV with that of the formula method to estimate the appropriate depth of insertion for right sided IJV CVCs.

Materials and Methods {#sec1-2}
=====================

The patients admitted to intensive care unit at our institution, for whom CVC was warranted, were recruited into the study after ethics committee approval. The patients with known carotid artery pathology, any gross anatomical or pathological deformities of the neck (scars, a history of multiple central venous catheterizations, and mass in the neck), and gross deformities of the chest (pigeon chest and barrel chest) were excluded from the study. The patients were randomly assigned with a computer-generated random number table to one of the two groups, formula group or topographic group, for calculating the depth of catheter insertion. The right IJV was cannulated by the anterior approach under standard aseptic precautions using a double-lumen CVC (Certofix^®^, B Braum, Melsugen, Germany) as per the institutional protocol for CVC insertions. The formula as described by Peres\[[@ref2]\] was used to calculate the depth of catheter insertion in the formula group (for right IJV height \[cm\]/10). The depth of insertion for the topographic group was determined as described by Kim *et al*.\[[@ref1]\] Patient\'s head and neck was placed in neutral position after insertion of guidewire. Topographical measurement was done by placing the catheter naturally with its own curvature over the draped skin (without direct contact with the skin), starting from the insertion point of the needle through the ipsilateral clavicular notch, and to the insertion point of the second right costal cartilage to the manubriosternal joint.

The position of CVC tip, in relation to the carina, was measured on a postprocedure chest X-ray from the Picture Archiving and Communication System. CVC tips positioned above the carina were presented as positive values, and those below the carina were presented as negative values. The primary endpoint of the study was the need for CVC repositioning. Catheter tip position was considered acceptable if it was in the range of up to 5 cm above and up to 1 cm below the carina. If the tip was more than 5 cm above the carina, a new catheter was inserted. If the tip was more than 1 cm below the carina, it was repositioned by pulling back. Any other untoward periprocedural complications were also noted.

Lee *et al*.\[[@ref13]\] in their study have shown that the CVCs were placed in the appropriate position in 96.1% of patients with landmark method. In the present study, a minimum of 124 subjects in each group was required for expecting similar result with 10% minimum difference between landmark and formula method and to get 80% power, 95% confidence level in the result. In order to compensate for any dropout due to catheter malposition, we decided to include 130 subjects in each group. A Mann-Whitney test and Chi-square test were performed for statistical analysis using SPSS for windows version 18.0 (IBM). A *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

The patient characteristics are described in [Table 1](#T1){ref-type="table"}. There were no catheterization failures during the study period. Two patients in the formula group and three patients from the topographic group had catheter malposition and were excluded from the data analysis.
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The median (interquartile range) CVC tip position relative to the carina was −1.69 (−2.48, −0.53) in the formula group and 0.0 (−0.85, 1.0) in the topographic group \[[Table 2](#T2){ref-type="table"}\]. Thus, the majority of the CVC tips positioned by the formula method were situated below the carina, and 68% of these catheters required repositioning after obtaining postprocedure chest X-ray (*P* \< 0.001). Immediate complications such as catheter site hematoma, arrhythmia, and catheter malposition noted in both the groups were similar.
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Discussion {#sec1-4}
==========

This study has shown that the catheter tip of CVCs inserted via the right IJV can be reliably positioned near the carina in majority of individuals using clavicular notch and junction of second right costal cartilage with manubriosternal joint as topographic landmarks.

There is no gold standard in estimating the exact depth of insertion of CVCs. The catheter tip is usually intended to lie at the superior vena cava -- right atrial junction. Studies have demonstrated that the most reliable radiological landmark to identify the superior vena cava -- right atrial junction is the right tracheobronchial angle or carina.\[[@ref14][@ref15][@ref16]\] Instruction sheets accompanying the CVC packs state that it is not advisable to site the catheter tip in the right atrium, as it carries a potential risk of pericardial tamponade if the tip erodes the vessel wall below the pericardial reflection. On chest X-ray, the distinct upper boundary of the pericardial sac is not visible. Anatomical studies done on cadavers have shown that it is very unlikely to extend above the level of the carina.\[[@ref7]\] Carina has thus been considered as a reliable radiological landmark for positioning the CVC tip.

The parallax effect, which is augmentation of structures located anteriorly or posteriorly and peripherally, should be considered when using chest X-ray for measurements. This effect is more in a portable anterio-posterior chest X-ray obtained in the intensive care unit. The carina, being located in the center of the thorax, has less potential for image distortion and measurement error due to parallax effect.\[[@ref10][@ref13]\]

Hence, in the present study, we considered the carina as the radiological reference landmark from which the distances to the catheter tip were measured. Furthermore, the lowest acceptable CVC tip position was predetermined to be 1 cm below the carina.

Studies\[[@ref2][@ref17]\] done to predict the optimal depth of CVC insertion have proposed formulas using patient height. Variability in needle insertion points, patient\'s body size and the physical landmarks are a fact and these formulas do not take these features into account.

The results of the present study are similar to Kim *et al*.\[[@ref1]\] and Ezri *et al*.\[[@ref18]\] where in surface landmarks can be used in estimating the approximate depth of insertion of CVC. Electrocardiography\[[@ref4][@ref5][@ref13]\] and transesophageal echocardiography\[[@ref5][@ref6]\] have been used to position the CVC tip. When electrocardiogram (ECG) is used an additional accessory in the form of an ECG adapter, which is not easily available, will be required. Transesophageal echocardiography requires expensive equipment and also trained personnel to interpret the echocardiography images. Topographic method requires no extra cost, equipment, or time and is more reliable as compared to using standard formulas. A limitation of the study is the high variability of the technique in obtaining a portable chest radiograph, which in turn may affect the subsequent readings.

Conclusion {#sec1-5}
==========

The topographic method is superior to formula approach in deciding the depth of insertion of right IJV CVCs. The topographic approach has the advantage of considering the interindividual anatomic variability in CVC insertion depth.
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